The aim of this study was to establish reference ranges for lymphocyte subsets in Chinese adults. Venous blood specimens were obtained from 614 healthy, human immunodeficiency virus (HIV)-seronegative adults in Shanghai. Flow cytometry was used to determine percentages and absolute numbers of CD4 and CD8 T lymphocytes. Mean values for CD4 and CD8 lymphocytes were 727 and 540 cells/l, respectively, yielding a CD4/CD8 ratio of 1.49. While CD8 lymphocyte values varied with age and gender, no significant differences in CD4 lymphocyte values were observed. Shanghai adults had approximately 100 fewer CD4 lymphocytes/l on average than Caucasians, suggesting that lower CD4 lymphocyte cutoffs for classifying and monitoring HIV infection may be needed in China.
Measurements of CD4
ϩ lymphocytes are essential for assessing human immunodeficiency virus (HIV) disease course, clinical staging, epidemiological studies, and decisions regarding prophylactic therapies against opportunistic infections (2, 3, 8, 9, 21) . Only in industrialized countries has it been feasible to routinely monitor CD4 lymphocyte subsets during routine HIV clinical care. In China, HIV has spread to all 31 provinces, regions, and municipalities and is currently moving into new segments of the populace (22) . It is estimated that more than 1 million people are infected in China, and this number may reach 10 million by 2010 (11) . Information is generally lacking on the normal range of lymphocyte subpopulations, including CD4 and CD8 lymphocytes, in China.
To provide normal ranges for CD4 and CD8 lymphocyte subsets, and for CD4/CD8 ratios in normal Chinese adults, blood specimens were collected from healthy native adult residents of Shanghai who received routine annual health evaluations at Huashan Hospital between August 2000 and February 2001. Subjects were excluded if they were diagnosed with HIV type 1 (HIV-1) infection or other recent viral or bacterial infections or chronic organ diseases, were immunocompromised, or were recently exposed to toxic chemicals. Wholeblood samples were collected using sterile EDTA Vacutainer tubes. The Science and Research Bureau of Fudan University approved the study.
Flow cytometry of lymphocyte subsets was carried out using a lamp-based flow cytometer (Bryte-HS, Bio-Rad, Hercules, Calif.) according to the manufacturer's instructions. Briefly, white blood cell counting and differentiation were performed using a Symex-SF3000 Coulter counter (Coulter Electronic, Luton, London). Blood samples were then stained using OptiClone CD4/CD8, immunoglobulin G1-fluorescein isothiocyanate, and immunoglobulin G1-phycoerythrin monoclonal antibodies (Coulter-Immunotech, Miami, Florida). The monoclonal antibodies, 13B8.2 and B9.11, were used to bind specifically to CD4 and CD8 subsets of peripheral blood T lymphocytes, respectively (7, 17) . The determination of positive and negative cells for any combination of reagents was set with directly conjugated antibodies of irrelevant specificity as negative controls. Positive and negative controls were included in each run according to guidelines issued previously (4, 5) . Statistical analysis was performed using Epiinfo software (version 6; Centers for Disease Control and Prevention, Atlanta, Ga.). Means, standard deviations, standard errors, medians, and confidence intervals were calculated. Single variance analysis was used to compare mean values for lymphocyte subsets among different age and gender groups. A two-tailed P value of Յ0.05 was considered significant.
During the study period, a total of 614 healthy native Chinese adults who met inclusion criteria were studied. Of these, mean age was 33.4 years (range, 16 to 50 years), and 377 (61.4%) were male. Assay reproducibility was confirmed by having 49 blood specimens from individual subjects analyzed by different technicians on different days. There were no significant differences in CD4 and CD8 lymphocyte subset values between the two runs (P Ͼ 0.05), indicating acceptable intralaboratory variation. Peripheral white blood cell counts, lymphocyte percentages, CD4 and CD8 lymphocyte subset values, and CD4/CD8 ratios from 614 subjects are shown in Table 1 ; age and gender distribution of CD4 and CD8 subset values and CD4/CD8 ratios are listed in Table 2 . CD8 lymphocyte counts, which averaged 539.6 Ϯ 134.1 cells/l, were significantly higher in men than in women (P Ͻ 0.001), resulting in a significantly lower CD4/CD8 ratio in men (1.42 versus 1.52; P Ͻ 0.001). We observed a mean CD4 level of 727 cells/l for the healthy, HIV antibody-negative Chinese adult residents of Shanghai, with no significant differences according to age or gender (P Ͼ 0.05).
The hypothesis that lymphocyte subset values in healthy HIV-seronegative individuals may be affected by race, geographical location, gender, circadian changes, and physical exercise has been demonstrated previously (15, 16, 19) . Studies from other countries support the presence of variation in both number and percentage of lymphocytes and their subsets (1, 13, 19, 20) . Few studies have examined normal values for lymphocyte subsets in the Chinese population (10, 14) , especially in persons residing on the mainland of China. Based on reported differences in normal values for lymphocytes in different populations, there are questions whether CD4 lymphocyte count thresholds used to guide therapy in Europe and in North America are appropriate for China.
Our study showed that the normal CD4 subset value among healthy, HIV-seronegative Chinese adults in Shanghai was 727 Ϯ 255 cells/l. This was significantly lower than what has been reported for Caucasians (844 Ϯ 247 cells/l) (12) and is consistent with previous findings from Saudi Arabia and Singapore (13, 18) . This finding is important because CD4 lymphocyte counts are used for clinical classification, to determine prognosis, and to decide whether to prescribe prophylaxis for opportunistic infections. Based on our study, we believe it will be very important to determine whether somewhat different guidelines and CD4 lymphocyte cutoffs will be needed for persons living with HIV infection in China.
Our data also indicated slightly lower CD8 lymphocyte subset values for the native Chinese population than has been reported for Caucasians (539 Ϯ 134 versus 593 Ϯ 214 cells/l) (12) . Previous studies indicated that variable CD8 levels were detected during the clinical course of HIV-1 infection. Numbers of CD8 cells are elevated in early HIV infection and may decline somewhat over time. At the time of AIDS diagnosis, they have often already returned to normal levels (6) . The present study demonstrated variations of CD8 subset values for healthy native Chinese adults, with significantly higher values for men and different values depending on age.
In conclusion, Chinese adults residing in Shanghai have significantly lower CD4 lymphocyte subset values than has been reported for Caucasian populations. A modified and lower CD4 value for classifying and monitoring HIV-1 infection may be needed for Chinese adults. Since there were no significant differences in CD4 values according to age or gender, a single 
